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A SUMMARY OF LIGHT-INTENSITY DATA OF 
EIGHT TRAILBLAZER I REENTRY BODIES 

By T. Dale Bess 
Langley Research Center 

SUMMARY 

Results of experimental measurements of light intensity of the reentry test bodies 
of eight Trailblazer I vehicles are presented along with position and velocity measure- 
ments of each test body. In order to compare the luminous efficiencies of the eight 
Trailblazer I reentries with luminous efficiencies of higher velocity reentries, results 
of two high-velocity steel-pellet reentries are presented. All data were reduced from 
photographs taken with ballistic and modified aerial cameras located at various camera 
sites operated by NASA Langley Research Center. All flights were from Wallops Island, 
Virginia. 

Tests were made on reentry bodies made of six different materials: aluminum, 

steel, copper, titanium, phenolic-nylon, and an epoxy-base material. The phenolic-nylon 
and the epoxy-base materials were ablative. Results of the light intensity measurements 
show that the amount of panchromatic light energy given off is largely due to the material 
of which the test object is made. The total integrated luminous energy of the metals in 
decreasing order were: titanium, steel, aluminum, and copper. The two reentries using 

phenolic -nylon and an epoxy-base material gave luminous intensities not nearly as bright 
as those of the metal reentries. The shape of the light curves of the ablative materials 
indicates that these materials have an almost constant intensity with no pronounced flaring. 
It is believed that flaring in some of the metal reentries represents fragmentation and 
burning through of the reentry body. Panchromatic luminous efficiencies are calculated 
for the eight Trailblazer I reentry test bodies. Comparing these luminous efficiencies 
with those of two high-velocity steel-pellet reentries shows that, in most instances, lumi- 
nous efficiencies increase with increasing velocity. However, since the number of reen- 
tries for comparison purposes is not large enough, a dependence of luminous efficiency 
on velocity is difficult to establish. 


INTRODUCTION 

The advances in space technology in recent years have brought about a need for more 
basic research in many areas. One such area is the study of the physical phenomena which 



occur when high-speed objects reenter the earth's atmosphere. At the present time, 
much work is being done in this area. Some of the phenomena of high-speed reentry 
bodies have been simulated by using ground research facilities, but, in order to get a 
more complete understanding of the phenomena which occur at high-speed reentries, 
it becomes necessary to perform experimental, controlled reentries of test objects 
under real atmospheric conditions. 

One such experiment, the Trailblazer I project, was designed to obtain controlled 
reentries in a real atmosphere. This experiment is accomplished by using a unique six- 
stage solid-fuel rocket designed to boost a test object to a desired altitude and have the 
object reenter the earth's atmosphere at hypersonic speeds. At sufficiently high reentry 
speeds, material dissociation and ionization of the atmospheric gases surrounding the 
body take place and cause a visible reentry of the test object. 

The Trailblazer I project, which was essentially a materials study, was a coopera- 
tive effort with MIT Lincoln Laboratory to study the different physical phenomena occur- 
ring during visible reentry when test objects of different material, but with the same 
shape, reenter the earth's atmosphere at high speeds. 

Basically, the two primary ways of monitoring the reentry object are multiple- 
frequency radar equipment and specialized ground-based photographic equipment. In 
order to use the photographic equipment effectively, the experiment must be carried out 
on a clear night during total darkness, and the reentry must occur as close as possible 
to the ground-based camera sites. The Trailblazer I vehicle was designed to obtain this 
desired reentry. 

The radar equipment measured the radar signature of the reentry object as it is 
changed by the ionized atmosphere. The photographic equipment measured the radiated 
light energy from the reentry object when it is heated during reentry. Both photographic 
and radar equipment were also used to determine the velocity and the position in space of 
the reentry object. 

The purpose of this paper is to present results of measurements of photographic 
data that have been reduced for eight Trailblazer I vehicles. Measurements of radiated 
light energy for the test body of each Trailblazer I flight are presented in graphical form. 
Velocity and position measurements for each reentry test body are summarized in tabular 
form. 


SYMBOLS 

d distance along reentry trail, kilometers 

h altitude of reentry, kilometers 
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I power, watts 

M absolute panchromatic magnitude 

M 1 uncorrected magnitude 

AMy "writing- speed" correction for magnitude 

range correction for magnitude 
AMg atmospheric-absorption correction for magnitude 
AMj. correction to magnitude for cameras with occulting shutter 
AM r magnitude correction due to reciprocity failure of film emulsion 
Am mass loss during panchromatic reentry, grams 

R slant range of reentry from observation sites, kilometers 

t time, seconds 

V velocity of reentry, kilometers/second 

o 

p air density, kilograms/meter 

p^ air density at sea level, kilogram s/meter ^ 

r luminous efficiency 

Tp panchromatic luminous efficiency 

t 0 luminosity coefficient, seconds/kilometer 

6 effective heat of ablation, joules/kilogram 
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Subscripts: 


b beginning 

m middle 

e end 


DESCRIPTION OF EXPERIMENT 

The injection into the earth's atmosphere of a high-speed test object was accom- 
plished by using the six- stage Trailblazer I rocket vehicle shown in figure 1 and described 
in reference 1. The Trailblazer concept is unique in that the first three stages place a 
spin- stabilized velocity package outside the earth's atmosphere and the remaining stages, 
housed within the velocity package, are pointed backward toward the launch site so that 
reentry will occur close to multiple -stationed radar and photographic equipment. Fig- 
ure 2 shows a plot of the nominal variation of altitude with horizontal range of the 
Trailblazer I vehicle from launch until reentry. The upper and lower limits of visible 
reentry are indicated. The sixth stage is the test object. This stage is a 12.7-centimeter- 
diameter spherical rocket motor known as the Cygnus 5 which attains the final reentry 
velocity. Trailblazer Ik and Trailblazer Im vehicles had 20.32-centimeter-diameter 
spheres mounted symmetrically around the Cygnus 5 motor. The increased weight of 
these reentry payloads resulted in a decrease in the reentry velocity. Figure 3 is a 
sketch of the velocity package. Figure 4 shows sketches of the reentry payloads for the 
eight Trailblazer I vehicles. 

The panchromatic region of the reentry was photographed by both ballistic and mod- 
ified aerial cameras with highly sensitive panchromatic film. BC-4 ballistic cameras and 
K-24 aerial cameras were the primary ones used in photographing the panchromatic 
reentry trail from the eight Trailblazer I reentry bodies. Some of the cameras, equipped 
with chopping shutters which opened and closed at known rates, produce a dashed image of 
reentry on the photographic plate. Data reduced from these plates give velocity and decel- 
eration time histories of the visible reentry. Other cameras which operate without chop- 
ping shutters give a continuous reentry image on the photographic plate. The primary 
camera observation sites were located at Wallops Island, Virginia; Eastville, Virginia; 
and Coquina Beach, North Carolina. However, at different times, other observation sites 
were located at Langley Air Force Base, Virginia; Sandbridge, Virginia; and Fentress, 
Virginia. Photographs of the panchromatic region of the reentry trail of the eight 
Trailblazer I reentry bodies are shown in figure 5. The star background on the photo- 
graphs appears as short streaks because of time exposures with stationary cameras. 
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Scratches are apparent on some of the photographs, particularly in the photographs of 
Trailblazers Ie and If. (See figs. 5(b) and (c), respectively.) 

PROCEDURE 

The procedure used to obtain velocity and position data follows closely that 
described in references 2 and 3. This procedure is a two-station method in which dis- 
tances along the reentry trail from some arbitrary zero point are determined from the 
intersection of two planes, each of which is defined by the station coordinates, and the 
apparent reentry trail as seen from that station against a star background. For the 
region of interest, the reentry trail can be assumed to be a straight line. These dis- 
tances along the reentry trail and their associated relative time, determined from 
shutter breaks along the trail, are fitted by the method of least squares to an equation 
of the form 

d = a + bt + ce^t (1) 

where a, b, c, and k are constants to be determined. Once the constants of this 
equation are established, the velocity and deceleration are determined by differentiation. 
The position coordinates in space of any point on the trail are also determined by the two 
intersecting planes. 

The method of photometry applied in reducing all the Trailblazer I photographic 
data to obtain light curves is essentially the same as that used in natural meteor work. 

(See refs. 2 and 4.) The basic equations used and corrections applied are the same. The 
apparent stellar magnitude scale is used as a standard for comparison. In the method 
used to reduce Trailblazer data, the recording microdensitometer (a precision instrument 
designed to measure the percent of the light transmitted by a restricted area of an emul- 
sion) is used to measure the variations in intensity along the reentry trail, whereas, in 
much of the natural meteor work, visual comparisons with known star magnitudes are 
employed. A calibration curve is obtained from microdensitometer traces of the star 
images. This curve is a plot of the density of star images against their stellar magni- 
tudes. The magnitude of any point on the reentry trail is obtained by reading from the 
calibration curve the stellar magnitude which has the same density as the particular 
point on the reentry trail. Since errors in the calibration curve cause equal errors in 
the absolute magnitude of the reentry, a more thorough description of the calibration 
curve with its limitations is given in the appendix. 

Before the absolute panchromatic magnitude of the panchromatic portion of the 
reentry trail can be obtained, there are some standard corrections to be made. A range 
correction and an atmospheric-absorption correction are necessary to normalize the 
reentry to 100 kilometers at zenith. The absorption correction used is that for a standard 
model atmosphere (ref. 5). The absorption correction does not take into account local 
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atmospheric conditions such as haze. Any corrections due to these local conditions were 
minimized by requiring weather conditions that would give sixth magnitude stars at a 10° 
elevation through 7 X 10 binoculars. With these corrections, the magnitudes of points 
along the reentry trail are still in error in the sense that the much greater trailing 
velocity of the reentry body on the plate in millimeters per second relative to the trailing 
velocity of the stars has not been accounted for. This correction for the "writing speed" 
is the largest correction in magnitude. If all corrections are taken into account, the abso- 
lute panchromatic magnitude is expressed by the following equation (ref. 6): 

M p = M' + AMy + AM r + AM Z + AM t + AM f (2) 

In this equation, M* is the uncorrected magnitude; AMy, the "writing speed” cor- 
rection; AM R , the range correction; and AM Z , the atmospheric-absorption correction; 
AMj. represents a correction applied only to photographs taken with an occulting shutter 
and was zero for this report; AM f represents a correction due to possible reciprocity 
failure of the film emulsion and was not included because the magnitude correction due to 
reciprocity failure is not known at the present time. 

A relation obtained from the panchromatic magnitude of the reentry is the panchro- 
matic luminous power of the reentry light expressed in watts. It is directly related to 
absolute panchromatic meteor magnitude by the following equation (ref. 6): 

log 10 I = 2.90 - 4M p (3) 

Equation (3) gives the power in watts whereas reference 6 has power expressed in ergs. 
Equation (3) differs slightly from the expression derived by Opik in reference 7. The 
difference is due to the fact that Opik' s equation was derived by using the sensitivity curve 
of the human eye, whereas equation (3) was derived by using the sensitivity curve for pan- 
chromatic film. The difference is in the constant term and amounts to 0.20. 

Equation (3) can be used for obtaining an intensity curve which is given as a plot of 
power in watts against either altitude or time along the panchromatic region of the reentry 
trail. 


The total panchromatic luminous energy is obtained by integrating over the entire 
intensity curve. This luminous energy can be used to find a dimensionless panchromatic 
luminous efficiency factor Tp which is defined as the fraction of kinetic energy con- 
verted into panchromatic radiation and is usually given as (ref. 8) 


T P = 


AraV‘ 


r te 


Idt 


(4) 


The limits of integration t^ and t e are the beginning and end of panchromatic reentry; 
V is the velocity of the meteor and is assumed constant. The mass loss Am is that 
fraction of the meteor that contributes to the reentry phenomena in the panchromatic 
region. For most natural meteors of small mass and velocities in excess of 10 km/sec, 


6 



rp is calculated on the assumption that all the mass of the meteor is consumed in pro- 
ducing the panchromatic trail. This is not true for the Trailblazer I reentries which were 
large bodies compared with most meteors and which reentered at velocities much lower 
than the slowest natural meteor. Thus, although the initial mass of the Trailblazer I 
reentry bodies was known, only a fraction of this mass may have been consumed in pro- 
ducing the reentry trail. To assume that the entire mass was consumed would lead to 
underestimates for the luminous efficiencies. Exactly how much mass is consumed 
during the panchromatic portion of the trail is difficult to calculate. However, if the 
heating rate over the reentry body is known and the effective heat of ablation of the mate- 
rial can be established, the approximate amount of material consumed in producing the 
panchromatic reentry trail can be calculated. One way to make the calculation is to 
divide the frontal area of the hemispherical reentry bodies into circular rings and inte- 
grate over each ring to find the mass loss contributed by each ring. Summing the mass 
loss of all the rings will give the total mass loss. The complete expression for the mass 
loss is 

n m 

im - j I I Vi At j (5) 

i=l j=l 

Here 6 is the effective heat of ablation of the material, is the area of a particular 

circular ring, and Atj is the time increment at any altitude; is the laminar heating 

rate for a circular ring at any altitude (ref. 9). 

In equation (5) all the quantities can be obtained with reasonable accuracy except the 
effective heat of ablation. The heat of ablation depends upon the type of ablation of the 
meteor material. Three types of ablation are considered: (1) vaporization at the surface 
which has the highest effective heat of ablation, (2) fusion of the material into molten drops 
which has a lower effective heat of ablation, and (3) fragmentation of the material in the 
solid state which has the lowest effective heat of ablation. For all the Trailblazer reen- 
tries, excluding the two using ablative material, ablation of the metal is possibly due to 
vaporization, fusion, and fragmentation. When this is the case, the effective heat of 
ablation is less than that for vaporization and greater than that for fragmentation. The 
heat of fusion of each of the metals is used for its effective heat of ablation in all calcu- 
lations of mass loss. The two Trailblazer reentries using ablative material show no sign 
of fragmentation upon examining their light curves. Thus, the heat of ablation due to 
fragmentation is not considered. The ablative materials do not fuse into a liquid and 
therefore the heat of fusion is not considered. What does occur is that pyrolysis or sub- 
limation of the material takes place and results in a higher effective heat of ablation than 
if fusion or fragmentation were the process. Table I gives the effective heats of ablation 
used for the six different materials. 
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These effective heats of ablation were taken from references 10 to 12. Once the 
amount of material ablated away by any reentry body is found, the panchromatic luminous 
efficiency Tp follows directly from equation (4). The value of Tp is small, usually 
less than 1 percent of the kinetic energy of the ablated mass. The calculated luminous 
efficiencies for each of the reentries are presented in table n. 

That the luminous efficiency is, in general, proportional to some power of velocity 
is commonly accepted, and much work has been done ip establishing this relation. Much 
of the work seems to favor a linear relation between t and V. McCrosky in a report 
on simulated meteor reentry (ref. 13) assumed that luminous efficiency is proportional to 
the first power of velocity or 

r = t 0 V (6) 

where r 0 is a constant called the luminosity coefficient. Verniani in a report on the 
luminous efficiencies of meteors (ref. 14) shows that a power law r = T 0 V n best repre- 
sents r as a function of velocity. The exponent n turns out to be 1.0 ± 0.15 for both 
faint and bright meteors. Thus, if this relation holds, the luminous efficiency t should 
double when the velocity doubles, and so forth. Since the pellet reentries of Trailblazer Ig 
and Trailblazer lib (refs. 15 and 6) have velocities about li to 2 times faster than any of 
the reentries discussed herein, their panchromatic luminous efficiencies are listed in 
table II for comparison purposes. 

ACCURACY OF INTENSITY DATA 

The intensity data for the reentry trails become inaccurate for very high and very 
low densities on the photographic image. The inaccuracies are due to the limitations of 
the film at these high and low densities. The film limitations are given by its character- 
istic curve; these limitations are also reflected in the calibration curve. A complete 
description of the calibration curve with its limitations is given in the appendix. 

DISCUSSION OF RESULTS 

Photographic data of the eight reentry trails are shown in figure 5. Differences in 
material, size, and weight of the reentry payloads caused the visible portion of the reen- 
tries to differ in velocity and position. For additional information, the position and 
velocity data reduced from photographic plates are presented in table EH. These data 
represent the best-defined portion of the trail from which velocities can be computed and 
does not necessarily represent the entire panchromatic streak. Photographic data on 
Trailblazer Ij were insufficient for a velocity reduction. For this reason, the reentry 
velocity was obtained from radar data by matching altitudes from the optical reduction 
with radar altitudes. Agreement with expected velocity was good. 
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A brief description of the reentry payload for each vehicle is given in table IV along 
with a summary of the characteristics of the visible reentry. Six different materials 
were reentered: aluminum, copper, steel, titanium, phenolic-nylon, and epoxy-base 
material. The light curves for these reentries are presented in figure 6. Panchromatic 
magnitude is plotted against both altitude and time along the reentry trail. For those 
reentries which do not have position and velocity reduction for a portion of the panchro- 
matic trail, as a result of poorly defined chops on the reentry streak, the chopped photo- 
graphs were extrapolated to higher and lower altitudes in order to include the entire 
panchromatic region of reentry shown on the streak photographs. This extrapolation 
presents no problem since measured distance along the photographic image of reentry 
bears a linear relation with altitude. 

Figure 7 is a plot of the power in watts against altitude for the eight reentries. 

This figure shows that the two aluminum reentries peaked at about the same altitude, 

43.5 kilometers. There is strong evidence that this peak intensity represents fragmen- 
tation or burning through of the reentry body. This is supported by the fact that one of 
the aluminum reentry bodies, lined with a salt -saturated foam, had strong sodium lines 
at an altitude of 43.5 kilometers, the same altitude where major flaring occurred (ref. 16). 
The titanium reentry had its peak intensity at an altitude of about 42 kilometers and again 
at 37.5 kilometers where the titanium reentry body appears to have broken up. One steel 
reentry had its peak intensity at an altitude of about 40. 5 kilometers and the other at about 
44 kilometers. The reentry body with the thin copper shield became luminous at an alti- 
tude of 54 or 55 kilometers; its light curve had two peaks of about the same magnitude. 

The dip in the light curve between the two peaks possibly represents the altitude at which 
the thin copper shield burned through to the aluminum case. Light curves of the ablative 
material reentries had almost constant luminous intensities over the entire panchromatic 
trail. One of the ablative reentry bodies had a cesium-saturated plastic foam underneath 
the ablative material, but there was no evidence from photographs of reentry that the 
ablative material burned through to the cesium. This fact, together with the absence of 
flaring, indicates that the ablative materials did not burn through during the panchro- 
matic region of reentry and possibly survived until impact. 

Figure 8 is a graph of the average power in watts and the lifetime of the panchro- 
matic reentries in seconds. The total energy in joules for each reentry is the area under 
the respective curves. The total integrated luminous energy of the reentries are easily 
obtained from this figure. The metals in order of decreasing total integrated luminous 
energy produced were: titanium, steel, aluminum, and copper. For the two ablative 

materials, phenolic-nylon had a greater total integrated luminous energy. 

For these different materials of about the same mass and reentry velocity, the aver- 
age power ranged from 260 to 37,000 watts. Thus, the intensity of the reentry trails 
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depends strongly upon the material of the reentry body. The reentry trails of the ablative 
materials stay luminous for a longer time than the reentry trails of the metals because 
the mass of the ablative materials is not consumed as rapidly as the mass of the metals. 

The calculated luminous efficiencies Tp for the different reentries are presented 
in table n. These luminous efficiencies are a significant result of this report since they 
represent values of r p for reentry bodies at submeteoric velocities, whereas most of 
the data on luminous efficiencies of natural meteors are based on velocities in excess of 
10 km/sec. It can be seen from table II that, with the exception of the Ic reentry, the 
luminous efficiencies for the eight Trailblazer I reentries are of the same order of mag- 
nitude. The Trailblazer Ic titanium reentry has a luminous efficiency of about an order 
of magnitude higher. The luminous efficiency for Ic could conceivably be an overestimate 
because of a characteristic of titanium in the atmosphere. It is the only known element 
which burns freely in nitrogen and it may therefore be that the effective heat of ablation 
is lower than the value used in calculating the ablated mass. A lower heat of ablation 
would lower the luminous efficiency. For the metallic materials, table II shows that 
titanium has the highest luminous efficiency, followed in decreasing order by steel, 
aluminum, and copper. For the two ablative materials phenolic-nylon has a luminous 
efficiency about twice as large as the epoxy-base material. Luminous efficiencies of 
two steel pellet reentries which had velocities of 9.8 km/sec and 11.9 km/sec, respec- 
tively, are included for comparison purposes to see the effect velocity can have on 
luminous efficiencies. In most cases, the two steel pellet reentries had greater lumi- 
nous efficiencies than any of the Trailblazer I reentries regardless of the material of 
the reentry bodies. One exception was the titanium reentry which had a much higher 
luminous efficiency than either of the pellet reentries although its velocity was consid- 
erably less than either of the pellet reentry velocities. However, comparisons do not 
have much meaning unless the reentry bodies are made of the same material and the 
comparisons are therefore restricted to four reentries: the two pellet reentries, 
Trailblazer Ie reentry, and Trailblazer Ih reentry. Table II shows that the lib pellet 
reentry, with its higher velocity, had the largest luminous efficiency. The Ig pellet 
reentry had a luminous efficiency greater than the Trailblazer Ih reentry but less than 
Trailblazer Ie reentry. Trailblazer Ie reentry had a luminous efficiency greater than 
either the Ig pellet reentry or the Trailblazer Ih reentry although its velocity was not 
as great. Results show that although luminous efficiency increases with velocity in 
most instances, there is one case in which it does not and until data from a larger num- 
ber of reentries, utilizing the same material over a wide range of velocities are available, 
dependence of luminous efficiency on velocities will be difficult to determine. These 
results on luminous efficiencies point to the need for more research in determining a 
velocity dependence for luminous efficiencies. This research would require a number of 


10 



reentries over a wide range of velocities where reentry bodies of different sizes, shapes, 
and materials could be tested. 


CONCLUSIONS 

Light curves obtained for six different materials which reentered the earth's atmos- 
phere under similar conditions show that the amount of luminous energy given off and the 
shape of the light curve is largely dependent on whether the material is metallic or abla- 
tive. The ablative materials have panchromatic trails with low and almost constant 
intensity. They become visible at a greater altitude and stay visible longer than the vis- 
ible trails of the metals. The panchromatic trails of the metal reentries have high inten- 
sities, short durations, and pronounced flaring. There is evidence that flaring represents 
fragmentation of the reentry body. 

Panchromatic luminous efficiencies were obtained for the eight Trailblazer I reen- 
tries. Comparing their luminous efficiencies with the luminous efficiencies of two high- 
velocity steel-pellet reentries shows that luminous efficiency increases with increasing 
velocity in most instances. However, the number of comparisons was not sufficient to 
arrive at any dependence of luminous efficiency on increasing velocity. Results of this 
paper point to the need for more research in determining a velocity dependence for lumi- 
nous efficiencies. This research would require a number of reentries over a wide range 
of velocities where reentry bodies of different sizes, shapes, and materials could be 
tested. g 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., August 12, 1966, 

709-06-00-01-23. 


11 



APPENDIX 


THE CALIBRATION CURVE 

A convenient way of estimating meteor magnitudes from photographs of meteor 
reentry is by comparing the meteor reentry image to line images of known star magni- 
tudes. The line images result from stationary cameras with fixed exposure times. The 
comparison is made by means of a calibration curve. This curve is obtained by taking 
stars of known magnitude, preferably from around the reentry area, and plotting their 
stellar magnitude against film density. The density is a measure of the light trans- 
mission of the star images and is measured by a recording microdensitometer that scans 
across the line images. The density D is defined as 

D = lo glO ^ 


where T is the transmittance of light through the star images as measured by the 
recording microdensitometer. 

A calibration curve is shown in figure 9(a). Stellar magnitude which is a logarithmic 
relation is plotted along the abscissa and density along the ordinate. It can be seen that 
this calibration curve is characterized by three distinct parts. It has a linear middle por- 
tion with its particular slope and the upper and lower ends with different slopes. 

To obtain a calibration curve, a wide range of different magnitude stars are required, 
from the brighter stars to the dimmer stars preferably of the same color class. Experi- 
ence has shown that the entire range can be covered by selecting 40 to 50 stars from 
around the reentry area of the reentry photograph. However, the upper end of the curve 
representing the higher densities is defined by using the brighter stars (less than third 
magnitude). This presents a problem because the number of stars in this magnitude 
range that have been cataloged is small. The lower end, representing the lower densities, 
is defined by using the dimmer stars (greater than eighth magnitude). There is an abun- 
dance of these dim stars, but many of the camera systems used to photograph the reentry 
are not fast enough to record many of the star images in the preferred color class. Also, 
the modern star charts used in identifying the stars as to type and magnitude do not list 
the very dim stars. The middle part of the curve which is usually referred to as the 
straight-line portion is more easily defined since it does not depend as much upon either 
the very bright or very dim stars for its definition. An improved calibration curve can be 
obtained by printing density step wedges on the reentry plates and using a few selected 
stars to assign magnitudes to the curve. Density step wedges were not printed on the 
eight Trailblazer I reentry photographic plates. 
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APPENDIX 


The calibration curve is very similar to the characteristic H and D curve in 
photography which describes how a photographic material responds to exposure and 
development. However, the characteristic curve has log exposure of the material along 
the abscissa instead of stellar magnitudes as in the calibration curve. The form of the 
characteristic curve is shown in figure 9(b). It too has a straight-line portion where the 
density is linear with log exposure just as density varies linearly with stellar magnitude 
over a certain range of the calibration curve. The characteristic curve is also curved 
at each end, and the two ends of the curve are usually designated as the shoulder and toe 
of the curve. 

Figure 9(b) is included to show similarity between the characteristic curve and the 
calibration curve. The slope of the straight-line part of the calibration curve is nearly 
the same as the slope of the characteristic curve. This is just a coincidence and is not 
generally true. The slope depends upon a number of factors such as the time of develop- 
ment and kind of photographic material being used. 

Ordinarily, the calibration curve in figure 9(a) will show some scatter in the plot 
of stellar magnitudes against their density; but if enough points are plotted over the 
necessary magnitude range, there is still a trend showing the straight-line portion and 
the curved portions at each end. This being the case, the procedure is to break up the 
curve into three parts and fit each one to a straight line by the method of least squares. 
By fitting the upper and lower ends to a straight line, a good approximation to the exact 
calibration curve is obtained. The error in magnitude due to scatter is available for any 
density that is obtained from the calibration curve. 
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TABLE L- EFFECTIVE HEATS OF ABLATION USED FOR 
SIX REENTRY MATERIALS 


Material 

Effective heat of ablation, 6, 

j oules/kilogram 

Titanium 

1.55 x 10 6 

Steel 

1.31 

Aluminum 

.99 

Copper 

CO 

CD 

Epoxy base 

9.30 

Phenolic -nylon 

9.30 


TABLE H.- CALCULATED LUMINOUS EFFICIENCIES 


Vehicle 

designation 

Material 

Velocity, 

km/sec 

Integrated 

energy, 

joules 

Luminous 

efficiency, 

T P 

Ic 

Titanium 

5.86 

9.94 x 10 4 

7.02 x 10 -2 

Ie 

Steel 

5.42 

8.20 x 10 3 

8.26 x 10" 3 

if 

Copper 

5.93 

2.55 

1.82 

ig 

Steel pellet 

9.80 

6.50 x 10 2 

7.6 

Di 

Steel 

6.36 

1.05 x 10 4 

5.04 

Ii 

Aluminum 

5.93 

3.80 x 10 3 

2.57 

Ij 

Phenolic -nylon 

6.28 

5.43 

9.37 

Ik 

Aluminum 

5.57 

7.92 

2.12 

Im 

Epoxy base 

5.16 

1.37 

4.60 

lib 

Steel pellet 

11.90 

1.93 

1.22 X 10” 2 



TABLE ni.- BALLISTICS DATA OF EIGHT TRAILBLAZER I REENTRY BODIES 


Vehicle 

designation 

Observation site 

Time, 

sec 

Slant range, 
km 

Altitude, 

km 

Velocity, 

km/sec 



tfc>> 

0.00 

Rb> 

114.44 

hb, 

46.88 

v b , 

5.87 

Ic 

Coquina Beach, N.C. 

tm> 

1.20 

Rm> 

111.33 

I'm, 

40.28 

Vm, 5.07 



te> 

2.40 

He, 

108.82 

he, 

34.40 

V e , 

— 



tb> 

0.00 

Rb, 

216.97 

hb, 

44.85 

v b , 

5.42 

Ie 

Wallops Island, Va. 


0.90 

R-m? 

215.78 


40.34 

V m , 

4.60 




2.35 

Re, 

213.86 

he, 

34.62 

V e , 

— 



tb> 

0.00 

Rb, 

200.09 

hb, 

55.86 

v b , 

5.72 

If 

Fentress, Va. 

tm? 

0.77 


200.20 

hm> 

52.18 

V m , 

5.50 




1.60 

Re, 

200.42 

he, 

48.21 

V e , 

5.34 



tb, 

0.00 

Rb, 

293.30 

h b, 

53.27 

v b , 

6.34 

Ih 

Wallops Island, Va. 


1.18 


294.10 

V, 

46.97 

V m , 

5.83 




2.74 

Re, 

295.20 

he, 

39.77 

V e , 

4.00 



tb, 

0.00 

Rb, 

125.21 

h b, 

50.04 

v b , 

5.97 

Ii 

Coquina Beach, N.C. 


0.75 

Rm, 

123.65 

hm, 

45.74 

V m , 

5.81 



te> 

1.54 

Re, 

122.19 

h e, 

41.35 

V e , 

4.71 



*b> 

0.00 

Rb, 

183.28 

hb, 

70.00 

v b , 

6.28 

Ij 

Wallops Island, Va. 


3.30 

Rm, 

169.76 

hm, 

53.26 

V m , 

5.98 




7.00 

Re, 

156.96 

he, 

36.05 

V e , 

3.70 




0.00 

Rb, 

116.95 

hb, 

57.90 

v b , 

5.57 

Ik 

Coquina Beach, N.C. 


1.69 

Rm, 

112.07 

hm, 

48.95 

V m , 

5.19 



te> 

3.92 

Re, 

107.44 

he, 

39.70 

V e , 

3.32 



**>> 

0.00 

Rb, 

173.40 

h b, 

67.92 

v b , 

5.16 

Im 

Sandbridge, Va. 


2.65 

Rm, 

169.06 

hm, 

55.17 

V m , 

5.00 




5.35 

Re, 

165.80 

he, 

43.33 

V e , 

4.27 
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TABLE IV. - CHARACTERISTICS OF REENTRY 


Vehicle 

designation 

Payload 

Mass, 

kg 

Reentry angle 
(measured from 
vertical), 
deg 

Remarks 

Ic 

Heavy -wall Cygnus 5 

0.952 

5.83 

Prominent flare 


titanium case 



at 38.2 km; 
titanium appears 
to break up 

Ie 

Thick -wall Cygnus 5 

1.040 

13.52 

Bright reentry; 


steel case 



maximum inten- 





sity at 40. 5 km 

If 

Thin -wall Cygnus 5 

0.903 

27.69 

Two maximum s at 


aluminum case with 



54.2 and 50.2 km; 


copper cap 



big dip between 
peaks 

Ih 

Thick-wall Cygnus 5 

0.708 

19.66 

Maximum at 44 km; 


steel case 



bright reentry 

Ii 

Thick-wall Cygnus 5 

0.640 

11.98 

Bright reentry; 


aluminum case 



maximum mag- 
nitude at 44 km 

Ij 

Cygnus 5 aluminum 

0.695 

26.04 

Very long and dim 


case with nylon cap 



reentry; no 





flaring apparent 

Ik 

20. 32 -cm -diameter 

1.180 

11.79 

Maximum intensity 


aluminum sphere; 



occurs at 43. 5 km 


salt -impregnated 



where aluminum 


plastic foam beneath 



case burned 


sphere 



through 

Im 

20.32-cm-diameter 

1.366 

19.08 

Very long and dim 


epoxy-base sphere; 



reentry; no 


ce sium - saturated 



apparent flares; 


plastic foam beneath 



no indication of 


sphere 



case burning 
through 
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Horizontal range, km 


Figure 2.- Nominal trajectory of a Trailblazer I reentry. 




12.7 diara. 


(a) Velocity package of six Trailblazer I vehicles with 12.7-centimeter-diameter reentry payloads. 
Figure 3.- Typical sketch of velocity package. All dimensions and station locations are in centimeters. 
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Rocket- mo tor adapter 



Fourth- stage 
T-40 rocket motor 


Fifth- stage 
T-55 rocket motor 


Rocket-motor adapter 



Guide rails Rocket-motor nozzle sleeve 

Sixth-stage 

spherical rocket motor 
12.7 diam. 

1 Reentrv spherics] shell 
— 1 20.32 diam* 

(W Typical sketch of velocity package of wo Trailer 1 vehicles with 20 . 32 -centimeter-diameter reentry paytods. 

Figure 3.- Concluded. 


























(h) Trailblazer Im. 


Figure 4.- Concluded. 
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(a) Trailblazer Ic. L-63-9259 

Figure 5.- Photographs of reentry streak of eight Trailblazer I vehicles. 
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—Reentry 


(b) Trailblazer le. L-63-9262 

Figure 5.- Continued. 
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(c) Trailblazer If. 
Figure 5.- Continued. 


L- 63- 9265 
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(d) Trailblazer Ih. L-66-4554 

Figure 5.- Continued. 
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(e)Trailblazer li. 


Figure 5.- Continued. 



mi 



(f) Trailblazer Ij. L-66-4555 

Figure 5.- Continued. 
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(g) Trailblazer Ik. L-66-4556 

Figure 5.- Continued. 
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(h) Trail blazer Im. L-66-4557 

Figure 5.- Concluded. 
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Time, sec 

(e) Trailblazer II (aluminum) reentry. 
Figure 6.- Continued. 
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(f) Trailblazer Ij (phenolic-nylon) reentry. 
Figure 6.- Continued. 
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Figure 8.- Average luminous energy for eight Trailblazer I reentries. 
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